Patent Abstracts of Jaa 



PUBLICATION NUMBER 
PUBLICATION DATE 

APPLICATION DATE 
APPLICATION NUMBER 

APPLICANT : FUJIKURA LTD; 

INVENTOR : SHIMA KENSUKE; 

INT.CL. : G02B 6/122 



EUROPEAN PATENT OFFICE 



08220356 
30-08-96 

13-02-95 
07024426 



TITLE 



OPTICAL WAVEGUIDE CHIRPED 
GRATING 




ABSTRACT : PURPOSE: To make it possible to easily produce an optical waveguide type chirped 

grating having reflection characteristics of a wide reflection wavelength region of reflected 
light by fornning a continuous change of waveguide structures in the longitudinal direction 
of an optical waveguide and forming gratings in the changing part. 

CONSTITUTION: A clad layer 2 is formed on a substrate 1 . The clad layer 2 consists of 
quartz glass, etc., and the thickness thereof is usually about 5 to 20|im. Nearly a 
band-shaped core 3 is formed within the clad layer 2. The thickness of the core 3 is kept 
constant in its longitudinal direction and its width is gradually expanded at a length of 
about 5 to 10mm from the point A to the point B of the positions in Fig. and is rapidly 
reduced to the original width from the point B toward the point C. Grating periods form the 
specified grating in such part (the range from the point A to B) where the width of the core 
3 of the optical waveguide changes locally. The conventional method, interference, 
photomask, etc., are directly applicable to the formation of the grating. 
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JPO and NCI PI are no^Wlsponsible for any 

damages caused by the use of this translation. 



LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Optical waveguide mold char PUTOGU rating characterized by having formed continuous 
change of guided wave structure in the die-length direction of optical waveguide, and forming a 
grating in this change part. 

[Claim 2] Optical waveguide mold char PUTOGU rating according to claim 1 characterized by 
continuous change of the above-mentioned guided wave structure being change of the local core 
diameter of optical waveguide. 

[Claim 3] Optical waveguide mold char PUTOGU rating according to claim 1 characterized by 
continuous change of the above-mentioned guided wave structure being refractive -index change of 
the core formed of diffusion of the dopant by local heating of optical waveguide. 



[Translation done.] 
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* NOTICES * * ' 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. ^ 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention enables it to perform that manufacture easily about optical 
waveguide mold char PUTOGU rating with the large reflected wave length region of the reflected 
light. 
[0002] 

[Description of the Prior Art] A periodic fixed change, for example, periodic change of the refractive 
index of a core, and periodic change of a core diameter are formed in the die-length direction of flat- 
surface optical waveguide which serves as an optical waveguide mold grating from cladding layers, 
such as quartz glass used as the clad formed on substrates, such as glass and silicon, and band-like ' 
cores, such as germanium-dioxide dope quartz glass formed in this cladding layer. And only when 
the relation of lambdag=21ambda is filled between the wavelength (guide wave length lambdag) of 
the propagation light within the waveguide of the light which carried out incidence to the period (it 
may be hereafter called the grating period) (lambda) and this optical waveguide of this periodic 
change The reflected wave length region shown with half-value width as it has the property that the 
incident light is reflected about 100% and shown in drawing 4 (the value in half-value width shall 
show a reflected wave length region hereafter) It is very narrow about 0.4nm, and a very steep 
reflection property is shown. 

[0003] The optical waveguide mold grating which has such sharp reflected wave length selectivity is 
a promising technique in which it is used for monitoring system, laser, etc. of a fiber-optic 
communications network, and deals. The interference method, the photo mask method, etc. are 
learned by manufacture of this optical waveguide mold grating. As shown in drawing 5 , an 
interference method irradiates the strong laser beams 13 and 13 of a high illuminance of two 
directions to a coherency at the core 12 of optical waveguide 11 so that it may interfere mutually, 
and forms an interference fringe 14 in the front face of a core 12. 

[0004] The part by which a strong laser beam is irradiated, and the part by which a weak laser beam 
is irradiated will be periodically formed in the part of the core 12 of the waveguide 11 corresponding 
to this interference fringe 14 by turns. The defect by the phot refractive effectiveness arises on the 
glass, and, thereby, the refractive index increases the part by which the strong laser beam was 
irradiated to it. For this reason, periodic change of a refractive index will be formed in a core 12. In 
this case, it becomes settled in a degree type with whenever [ illuminating-angle / of the laser beam 
of diawiiigS ], (theta), and the wavelength (lambda) of a laser beam, the period (lambda), i.e., the 
grating period, of periodic change of the refractive index formed. 

Lambda=lambda/sintheta [0005] Moreover, the photo mask method puts the photo mask in which 
many super-thin slits were formed to the core of optical waveguide in spacing equivalent to a fixed 
grating period, irradiates and exposes a strong laser beam from a photo mask, and forms a periodic 
refractive-index change which has a fixed period. As an example by the interference method, it is 
reported using the single mode optical waveguide which has a germanium-dioxide dope core that 
irradiated argon laser (the 2nd higher harmonic with an oscillation wavelength of 488nm) with a 
wavelength of 244nm, and a periodic big refractive-index change was formed. 

[0006] By the way, although the sharp reflection property of such an optical waveguide mold grating 
is useful, what has a large reflected wave length region may be desirable by an application etc. For 
example, even if the time of the emission spectrum from light emitting diode etc. wanting to reflect 
several lOnm large light uniformly and the several nm light from semiconductor laser etc. change 
with temperature fluctuation etc., it may be required that a reflection factor should be almost fixed. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web__cgi_ejje 



02/06/2005 




THIS PAGE BlANKjisPTO* 



JP,08-220356,A [DETAIl^D DESCRIPTION! BEST AVAILABLE CX>PY Page2sur4 

[0007] Optical waveguidej^d char PUTOGU rating occurs as an onl^l waveguide mold grating 
which fills such a demancfl^s thing changes in the die-length direcl^Prontinuously, the period, 
i.e., the grating period, of cRange, such as refractive-index change of the die-length direction, of 
waveguide. If it puts in another way, a grating period will not be fixed and it will change gradually. 
Thereby, it can correspond by the long thing and the wavelength of the reflected light can be 
continuously changed now from what has a short grating period. 

[0008] Therefore, the reflection property of such optical waveguide mold char PUTOGU rating 
becomes what has a reflected wave length region [ broadcloth as 3-5nm ], as shown in drawing 6 . 
As an approach of manufacturing this optical waveguide mold char PUTOGU rating, the approach of 
irradiating an interference light at optical waveguide so that a grating period may change 
continuously is very difficult, and can consider the approach of exposing spacing of a super-thin slit 
using what was changed continuously as a photo mask for this reason. However, if this manufacture 
approach is compared with what creates the usual optical waveguide mold grating with a fixed 
grating period, manufacture will be very difficult and cost will also increase. 
[0009] 

[Problem(s) to be Solved by the Invention] Therefore, the technical problem in this invention has 
manufacture in obtaining easy optical waveguide mold char PUTOGU ratine 

[0010] 

[Means for Solving the Problem] This technical problem changes continuously guided wave 
structures, such as a core diameter of optical waveguide, a refractive index, and refractive-index 
distribution, in that die-length direction beforehand, and is-solved by forming the grating of the fixed 
period by the conventional approach in the core of this optical waveguide. 
[0011] 

[Function] If the guided wave structure of optical waveguide is changed, the wavelength (lambdag) 
of the light spread there will change corresponding to this change. Therefore, since the wavelength 
of the light spread in optical waveguide changes by forming the grating of periodic regularity, the 
same reflection property as char PUTOGU rating to which the grating period was changed 
continuously as a result is obtained. 

[0012] Hereafter, this invention is explained in detail. As a concrete thing of the guided wave 
structure of the optical waveguide in this invention, a core diameter, a core refractive index, a 
refractive-index difference, etc. are mentioned. While there are a core diameter and a core refractive 
index and being able to make it change easily as a desirable thing, there is big effectiveness also in 
expansion of a reflected wave length region. 

[0013] Hereafter, the example to which the width of face of the core whose cross-section 
configuration is a rectangle was changed locally is explained as optical waveguide as an example. 
Drawing^.l shows the optical waveguide of this example, and the sign 1 in drawing is a plate-like 
substrate which consists of quartz glass, silicon, etc. The cladding layer 2 is formed on this substrate 
1. This cladding layer 2 consists of quartz glass etc., and that thickness has usually become about 5- 
20 micrometers. The almost band-like core 3 is formed in the cladding layer 2. 
[0014] This core 3 is the thing of the flush type which consisted for example, of germanium-dioxide 
dope quartz glass etc., and that refractive index was larger than the refractive index of a cladding 
layer 2, and one front face of a core 3 exposed. And while the thickness of this core 3 is fixed in that 
die-length direction, it is rapidly reduced to the original width of face, expanding that width of face 
gradually by die length of about 5- 10mm from the location A point in drawing to a B point, and 
applying it to C point from a B point. The width of face in a B point is the about 1.5 to 5 times to the 
width of face in a location A point. Moreover, the thickness of the core 3 in a location A point is 
about 7-8 micrometers, and width of face has also become about 7-8 micrometers. 
[0015] The cladding layer 2 which consists of quartz glass etc. by the heat CVD method, the 
sputtering method, etc. can be formed on a substrate 1, subsequently the depth of the flat-surface 
configuration of illustration can form a fixed slot with phot lithography to this cladding layer 2, and 
such optical waveguide can create it by the approach of depositing germanium-dioxide dope quartz 
glass on the interior of this slot with a heat CVD method etc. 

[0016] The width of face of the core 3 of such optical waveguide forms a grating with a fixed grating 
period (lambda) to the part (range from a location A to B) which changed locally. The conventional 
interference method, the photo mask method, etc. can apply formation of this grating as it is. The 
period (lambda) of this grating is defined by count and preliminary experiment corresponding to the 
reflective core wavelength of optical waveguide mold char PUTOGU rating obtained. For example, 
if reflective core wavelength is set to 1300nm, let periods (lambda) be one half of values at the pan 
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ofthe value which broke 1300nm by the effective refractive in^Tabout 1.45) of propagating 

[0017] Moreover, since a^ected wave length band will spread if it^nges corresponding to the 
change degree of the width of face of a core 3 and the degree of change of the width of face\ecomes 
large, the reflected wave length band of optical waveguide mold char PUTOGU rating obtained can 
control a reflected wave length band by adjusting the variation of the width of face of a core 3 Thus 
optical waveguide mold char PUTOGU rating of this invention will be obtained. 
[0018] Although the period (lambda) of the grating formed in the core 3 is fixed if it is in such 
optical waveguide mold char PUTOGU rating, the wavelength at the time of propagation within the 
core 3 of the light by which incidence was carried out to the core 3 (lambdag) changes with change 
ofthe width of face of a core 3 in the die-length direction gradually. For this reason, the relative 
relation between a grating period (lambda) and the wavelength of the propagation light in a core 3 
becomes being the same as that of the case where it is char PUTOGU rating from which the 
conventional grating period changes, and the wavelength region ofthe reflected light will become 
large. 

[0019] Moreover, as guided wave structure of optical waveguide, the refractive index of a core can 
be adopted, this can be locally changed in the die-length direction of a core, and optical waveguide 
mold char PUTOGU rating of this invention can be obtained also by forming the grating of a fixed 
grating period in the local change part of this refractive index. In this thing, width of face and 
thickness form a fixed core in the cladding layer on a substrate. The large thing ofthe relative index 
difference of a core and a cladding layer is desirable, and.it is good to consider as 2% or more 
desirably at least 1% or more. 

[0020] While heating the core of this optical waveguide locally by laser, such as carbon dioxide gas 
laser and an YAG laser, the heating time per unit area is increased or decreased in the die-length 
direction of a core, thermal diffusion of the dopants, such as a germanium dioxide doped in the core, 
is carried out to a cladding layer, and the refractive index of a core is locally changed along the die- ' 
length direction. Subsequently, above-mentioned optical waveguide mold char PUTOGU rating can 
be obtained by the approach this refractive index forms a grating with a fixed grating period in the 
part of the core which is changing locally by the interference method and the photo mask method. 
[0021] And in this case, by the thermal diffusion of dopants, such as a germanium dioxide in a core, 
the part into which the refractive index of a core decreased is also that width of face qualitative as a 
matter of fact and thickness increase, and local change will arise in the refractive index and core 
diameter of two sorts of guided wave structures, and a core, and it becomes what has the large 
effectiveness of reflected wave length region expansion. 

[0022] Although an example is shown and the operation effectiveness is clarified hereafter, this 
invention is not limited to this. 

(Example 1) Optical waveguide as shown in drawing 1 was created. A substrate 1 is [ pure quartz 
glass and the core 3 of silicon and a cladding layer 2 ] germanium-dioxide dope quartz glass, and 
relative index difference is 0.7%. The width of face of a core 3 is 6 micrometers at the edge,'and is 
gradually widened to the twice as many 16 micrometers as this covering the die length this [ whose ] 
is 10mm. The thickness of a core 3 is fixed at 6 micrometers. 

[0023] To the extension part of the core 3 of this optical waveguide, the grating period (lambda) 
formed about 488nm and a fixed grating with the interference method, and optical waveguide mold 
char PUTOGU rating of this invention was created. As the property of this optical waveguide mold 
char PUTOGU rating was shown in drawing 2 , that reflective core wavelength was 1300nm, the 
reflected wave length band in half-value width was 3.5nm, and the peak reflection factor was 97%. 
This result shows that the reflected wave length band obtained by changing the width of face of a 
core 3 twice is equivalent to about 2.7% of variation to main wavelength in this example. It turns out 
that a reflected wave length band can be controlled by this adjusting the variation of the width of 
face of a core 3. 

[0024] (Example 2) The cladding layer which consists of pure quartz glass was formed on the 
substrate which consists of silicon, and the core which becomes this cladding layer from germanium- 
dioxide dope quartz glass was formed. The width efface of a core presupposed that it is fixed by 4.5 
micrometers, also set thickness constant with 4.5 micrometers, and made 2.5% relative index 
difference of a core and a cladding layer. Into the part covering die length of about 9mm of this core, 
the diameter ofthe beam spot irradiated and heated the carbon dioxide gas laser (output lOW) which 
is 500 micrometers. It lengthens gradually, applying the irradiation time per unit length to a 
termination side from an exposure start edge side, and was made for the amount of heating applied to 
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a termination side to increM^tgradually at this time. 

[0025] With this heating, ^fermanium dioxide doped by the core J^d out thermal diffusion 
and It applied to the termination side, and that refractive index fell gradually and relative index ' 
difference became 0.2% at the termination side. Moreover, the width efface and thickness of a core 
increased about 4 times of that by the side of the start edge by the termination side by this thermal 
diffusion. The grating period formed about 488nm and a fixed grating with the interference method 
to this core, and optical waveguide mold char PUTOGU rating of this invention was obtained As the 
reflection property of this thing was shown in drawing 3 , reflective core wavelength was 1300nm 
and the reflected wave length band was about ISnm in half-value width. 

[0026] It becomes possible to be able to extend a reflected wave length region and to appoint the 
band of a reflected wave length region by changing the guided wave structure of optical waveguide 
continuously locally, corresponding to the variation of guided wave structure so that clearly from the 
above example. For this reason, that from which a reflected wave length region differs can be easily 
manufactured by a conventional interference method and the conventional photo mask method 
[0027] 

[Effect of the Invention] As explained above, since the guided wave structure of optical waveguide is 
made to change to that longitudinal direction continuously and locally and a grating period forms a 
fixed grating in this part, optical waveguide mold char PUTOGU rating of this invention can be 
easily manufactured by an interference method, the photo mask method, etc. which are used for 
manufacture of the conventional optical waveguide mold char PUTOGU rating. Moreover, by 
adjusting the variation of guided wave structure, easily, it can also change and a reflected wave 
length region can also be controlled. 



[Translation done.] 
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* NOTICES * 



JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[DjiiwingJL] It is the perspective view showing the example of the optical waveguide for obtaining 
optical waveguide mold char PUTOGU rating of this invention. 

[Drawing_2] It is the graph which shows the reflection property of optical waveguide mold char 
PUTOGU rating obtained in the example 1 of this invention. 

[Drawing 3] It is the graph which shows the reflection property of optical waveguide mold char 
PUTOGU rating obtained in the example 2 of this invention. 

[Drawing 4J It is the graph which shows the reflection property of a general optical waveguide mold 
grating. 

[ Drawing 5 ] It is drawing having shown typically the example of the interference method which 
manufactures a general optical waveguide mold grating. 

[.Drawmg_6] It is the graph which sliows the reflection property of the conventional optical 

waveguide mold char PUTOGU rating. 

[Description of Notations] 

1 - A substrate, 2 - A cladding layer, 3 - Core 



[Translation done.] 
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damages caused by the use of this translation. 



1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 
[Dra wing 1] 




[ Dr awing 2] 




13 00 (nm) 



[Drawing 4] 



1 00 



^ 50 



-0.4 jum 
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[Drawing 6] 
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